Objective. To evaluate the 12-year survival of the first tumor necrosis factor inhibitor (TNFi) treatment in a cohort of rheumatoid arthritis (RA) patients, comparing the between-groups discontinuation rates for infliximab, etanercept, and adalimumab. Methods. RA patients treated with their first TNFi were investigated from a local registry. Before and after adjusting for propensity scores, overall and by individual TNFi 12-year drug retention was evaluated. Drug survival rates were calculated using the Kaplan-Meier method and compared by the Cox extended model. Subanalyses were performed according to concomitant methotrexate (MTX) and discontinuation reasons. Results. Of 583 patients, 222 were treated with infliximab, 179 with etanercept, and 182 with adalimumab; 33.7% and 26% discontinued the first TNFi because of inefficacy or adverse events, respectively. The overall 12-year drug survival rate for the unmatched population was 23.4%. In the propensity score-adjusted population, the hazard ratio (HR) for treatment discontinuation was significantly greater for adalimumab and infliximab versus etanercept (HR 2.89 [95% confidence interval (95% CI) 2.2-3.78] and HR 2.56 [95% CI 1.92-3.4], respectively), and no difference was found between and for adalimumab versus infliximab (HR 1.16 [95% CI 0.91-1.47]). The incidence of withdrawal due to secondary inefficacy was stable from 3 to 12 years for etanercept, but progressively increased for the monoclonal antibodies. Concomitant MTX significantly increased the survival of both adalimumab and etanercept (HR 1.48 [95% CI 1.18-1.86]). Conclusion. The overall 12-year drug survival rate was 23.4%, being significantly higher for etanercept than adalimumab and infliximab. Etanercept discontinuations for inefficacy did not increase from 3 to 12 years. Concomitant MTX increased adalimumab and etanercept drug survival.
INTRODUCTION
The development of biologic agents in the late 1990s has dramatically improved the management of rheumatoid arthritis (RA). Tumor necrosis factor inhibitor (TNFi) therapies were the first biotherapies to be developed in rheumatology, and over the last decade have become the most frequently prescribed class of biologic drugs for the treat-ment of RA patients who failed traditional synthetic disease-modifying antirheumatic drugs (sDMARDs). Currently, 5 TNFi have been licensed for RA by the European Medicines Agency and the US Food and Drug Administration, and 3 of them (infliximab, etanercept, and adalimumab) are the most widely used in clinical practice.
Despite the abundant evidence of TNFi efficacy and safety profile from randomized controlled trials (RCTs) (1) (2) (3) (4) (5) (6) , data on the long-term effects of TFNi remain relatively scarce. Moreover, the external validity of RCTs is dramatically hampered by stringent inclusion and exclusion criteria, therefore limiting generalization to daily clinical practice (7) . Because of these reasons, large populationbased national registries have been increasingly used to investigate the long-term performance of TNFi in a real-life setting, despite the possible lack of the controlled characteristic of RCTs (8) .
Drug survival may be considered a reliable indicator of overall treatment effectiveness in observational registries, as it is determined by drug efficacy, its safety profile, and several other factors that influence the drugs' use, such as patients' compliance, number of alternative treatment options available, and characteristics of the treated population. Therefore, many studies from European and US biologic drug registries have provided data about overall TNFi drug retention in RA, as well as comparing in a few cases the relative drug persistence of etanercept, infliximab, and adalimumab, and the different drug survival of the first and subsequent lines of TNFi therapy (9) (10) (11) (12) (13) . Despite the extensive use of drug survival in some pharmacoepidemiologic studies of TNFi in RA, the length of the analyzed followup period has been often limited to no more than 5 years.
The aim of this study is to evaluate for the first time the long-term (12 years) drug survival in a large populationbased cohort of RA patients who received a TNFi as first-line biologic treatment, comparing the between-group discontinuation rates for each TNFi (infliximab, etanercept, and adalimumab) and analyzing the role of concomitant sDMARD treatment. score); and therapeutic data (biologic therapy and concomitant sDMARDs and steroids use). All the mentioned disease and treatment followup data were collected at baseline and then every 6 months until December 15, 2014. This analysis was conducted including only patients who received infliximab, etanercept, or adalimumab as first-line biotherapy. In order to balance the exposure among the considered biologic drugs, the evaluation was limited to the period when all 3 TNFi were available in Italy (from January 2003) in a setting with relatively similar access to each drug. Exclusion criteria were a previous therapy with a different biologic drug or the enrollment in an RCT. Treatments were administered in routine care in accordance with RA good clinical practice; TNFi were prescribed in almost every case according to the licensed regimen, and concomitant sDMARDs or corticosteroids were administered if ordered by the referring rheumatologist. Drug survival was retrospectively calculated as the time period until the definitive treatment interruption or the first missed dose after initiation of TNFi therapy. Interruptions were considered definitive when indicated in the registry, or when no consecutive re-introduction of treatment was reported. All observations were censored at the last registered visit before December 15, 2014. The reasons for TNFi discontinuation were analyzed and classified into 3 major categories: inefficacy (primary and secondary no response), adverse events (AEs), and others (including remission, desire for pregnancy, and patient preference). The latter was considered as right-censored in the drug-survival analysis.
MATERIALS AND METHODS
Further subanalyses were conducted by stratifying the study population according to concomitant methotrexate (MTX) treatment and median dosage (#10 mg/week versus .10 mg/week) as predictor of discontinuation and the reason for TNFi replacement.
Statistical analysis. Descriptive statistics were used to calculate mean and SD, and median and interquartile range. Differences between treatment groups were analyzed by the Kruskal-Wallis nonparametric test for continuous variables and chi-square test for categorical variables. Parametric or nonparametric correlations between variables was determined by Pearson's or Spearman's coefficient, respectively. Survival distribution curves were first computed on unmatched data by the Kaplan-Meier method and compared statistically by a stratified log rank test. Moreover, propensity scores (PS)-analysis was applied for adjusting selection bias due to the retrospective study design and lack of randomization (see Supplementary Appendix A, available on the Arthritis Care & Research web site at http://onlinelibrary.wiley.com/doi/10.1002/ acr.22788/abstract) (15) . PS were calculated for each patient using logistic regression with TNFi (infliximab, etanercept, or adalimumab) as the dependent variable and the following baseline characteristics as independent variables: disease duration, DAS28, HAQ score, and concomitant corticosteroid use. Since only subcutaneous TNFi may be used as monotherapy according to what is reported in product labels, concomitant MTX treatment was excluded
Significance & Innovations
The 12-year retention rate of a first-line tumor necrosis factor inhibitor was 23.4%.
Compared with both monoclonal antibodies, etanercept showed a significantly better short-and long-term drug survival.
The incidence of withdrawal due to secondary inefficacy was stable from 3 to 12 years for etanercept, but progressively increased for the monoclonal antibodies.
The combination therapy with methotrexate increased the survival on treatment of both etanercept and adalimumab. from the statistical model. PS were then used for matching triplets based on the smallest standardized difference. The caliper is specified in standard units, so 0.25 corresponds to one-quarter of 1 SD. Survival analysis accounting for competing risks was used to provide predictions of inefficacy (primary and secondary nonresponse) and AEs. A Cox extended model was run to estimate hazard ratios (HRs) for discontinuation, since the Shoenfeld residual test showed that proportional hazard assumption was violated. Confidence intervals (CIs) at 95% for HRs were calculated.
Statistical analyses were performed using R for Windows (16) . P values equal to or less than 0.05 were considered statistically significant.
RESULTS
Baseline characteristics. The study population was selected from all RA patients (n 5 756) treated with a firstline biotherapy in our rheumatology department between 2003 and 2014. According to described selection criteria, 173 patients were excluded from the analysis (141 treated with a biologic agent other than infliximab, etanercept, or adalimumab, and 32 because of missing data). The baseline demographic and clinical characteristics of the 583 enrolled patients (222 infliximab, 179 etanercept, 182 adalimumab) are reported in Table 1 . Overall, 82.8% were women, the mean age was 54.2 years, the median disease duration was 8.6 years, the mean DAS28 score was 5.53, and the mean HAQ DI score was 1.5. As expected, the proportion of patients who received concomitant MTX treatment was significantly higher in the infliximab patients (94.1%) than in the etanercept (72.1%) and adalimumab (72.5%) patients. The median MTX dosage was significantly higher (P 5 0.003) in the etanercept group (12.5 mg/week) compared with both infliximab (10 mg/week) and adalimumab (10 mg/week). No statistically significant differences existed among the 3 subgroups of treatment for age (P 5 0.91), sex (P 5 0.38), disease duration (P 5 0.16), and RF positivity (P 5 0.89). However, mean values of ESR (P 5 0.02), CRP level (P , 0.0001), DAS28 (P , 0.0001), SDAI (P , 0.0001), CDAI (P , 0.0001), and HAQ DI (P , 0.0001) scores were significantly different in the 3 groups, with all being higher in infliximab-treated patients than in etanercept-and adalimumab-treated patients. After adjustment for PS, we obtained 3 homogeneous groups matched according to all the considered baseline variables (Table 1) .
Drug survival analyses. The overall 12-year retention rate was 23.4% (95% CI 18.2-30.1) with a median survival of 53.5 months (27.8 for adalimumab, 44.2 for infliximab, and .53.5 for etanercept) (Figure 1 ). The HR for treatment discontinuation was significantly greater for adalimumab and infliximab versus etanercept; no difference was found (Figure 2 ).
In the PS-adjusted population, the estimated proportions of patients maintaining etanercept, adalimumab, and infliximab treatment were, respectively, 72.2%, 41.3%, and 55.6% after 3 years; 69.7%, 34.7%, and 47.3% after 5 years; and 60.2%, 18.4%, and 19.2% after 12 years ( Figure 2 ). The HR for treatment discontinuation was significantly greater for adalimumab and infliximab versus etanercept (2.89 [95% CI 2.2-3.78] and 2.56 [95% CI 1.92-3.4], respectively); no difference was found between adalimumab versus infliximab (HR 1.16 [95% CI 0.91-1.47]). The observational period was stratified into 4 subperiods according to treatment duration. During the first 6 months, lower HRs were observed for infliximab versus etanercept and adalimumab, and for etanercept versus adalimumab. Significantly lower HRs were observed for etanercept versus adalimumab and infliximab patients over 6 months of treatment (between 6 months and 3 years, between 3 and 5 years, and over 5 years). Significantly lower HRs were observed for infliximab versus adalimumab between 6 months and 3 years. No statistically significant differences in the HRs were seen between infliximab and adalimumab at each time over 3 years of treatment ( Table 2) .
The comparative survival analysis of TNFi monotherapy versus association with MTX was limited to subcutaneous TNFi, since 94.1% of infliximab initiators received the biologic drug in combination ( Table 1 ). The drug retention was significantly higher for MTX concomitant users compared with TNFi monotherapy (HR 1.48, 95% CI 1.18-1.86) ( Figure 3A) . The median survival for both etanercept monotherapy and combination therapy was .53.5 months, whereas for adalimumab it was 15.4 and 34.2 months, respectively. After stratification according to MTX median dosage (,15 or $15 mg/ week), the retention rate was significantly better in high-dose subgroups compared with low-dose MTX subgroups only in 12 Reasons for discontinuation. Overall, 197 patients (33.7%) stopped the first course of TNFi because of inefficacy (45 [7.7%] due to primary no response) and 152 (26%) because of AEs. Etanercept showed a lower frequency of discontinuation because of both inefficacy (17.5%, 44.1%, and 50.4% for etanercept, infliximab, and adalimumab, respectively; P , 0.0001) and AEs (22.4%, 36.7%, and 31.2% for etanercept, infliximab, and adalimumab, respectively; P , 0.0001). No significant differences in the comparison of the reasons for discontinuation were observed between the 2 monoclonal antibodies. Figure 4 shows the cumulative incidence for retention failure due to inefficacy or AEs over time. The incidence of discontinuation similarly increased over time for all 3 TNFi after the first 3 years of treatment, being lower at each time for etanercept compared with the monoclonal antibodies. It is noteworthy that the incidence of drug withdrawal because of secondary inefficacy progressively increased 
DISCUSSION
In this study we investigated the long-term retention rates for first-line TNFi in a large sample of routine-care RA patients, comparing adalimumab, etanercept, and infliximab. The study was carried out from 2003 to 2014, when all 3 drugs were available in Italy. Our data demonstrated that the overall estimated percentage of patients continuing the first biologic treatment after 12 years was 23.4% (median time-ondrug 53.5 months), with a statistically significant difference in favor of etanercept compared with both anti-TNF monoclonal antibodies. The most frequent reason for discontinuation was inefficacy (33.7%), as compared with AEs (26%). Concomitant MTX treatment significantly increased the retention rate of both adalimumab and etanercept. This is the first report evaluating the 12-year discontinuation rate of TNFi in daily clinical practice, whereas the vast majority of previous studies analyzed a shorter followup period often limited to no more than 5 years. The short-term survival rates in our sample are comparable to those previously described in international registries, such as the British Society for Rheumatology Biologics Register (42% at 5 years) (17) , the Anti-Rheumatic Therapy in Sweden registry (approximately 50% at 5 years) (10), the Gruppo Italiano di Studio sulla Early Arthritis (GISEA) registry (42% at 4 years) (11) , and the Dutch Rheumatoid Arthritis Monitoring (DREAM) registry (55% and 45% at 3 and 5 years, respectively) (18) . Compared with our 12-year data, these findings suggest that the overall discontinuation rate of the first TNFi is higher during the first 3-5 years of treatment and becomes progressively lower in patients maintaining the biologic drug over 5 years. After adjusting for baseline confounding factors, we showed the overall higher drug survival of etanercept compared with both monoclonal antibodies, similarly to what is reported by the Lombardy Rheumatology Network (LORHEN) (9) and GISEA (11) registries and by a multicentric study carried out in France (19) . At variance, some European studies did not find any significant difference between the 2 subcutaneous TNFi (18, (20) (21) (22) (23) (24) , whereas US reports showed greater drug survival on infliximab compared with both adalimumab and etanercept (12, 20) . These apparently discrepant findings might be due to differences in the baseline characteristics of the cohorts, in the regimen of administered treatments, or other methodologic variations.
Consistent with what was reported by the previously mentioned studies, this favorable etanercept result was already evident at the 3-year evaluation, but in our analysis became progressively greater from the fourth year of treatment. After stratification according to treatment duration, we found that the relationship among the 3 TNFi retention rates varied over time. In the first 6 months of therapy, the HR for discontinuing adalimumab was significantly higher compared with both etanercept and infliximab, and etanercept showed a higher HR compared to infliximab. During the subsequent entire followup period, etanercept survival on treatment was significantly greater than both adalimumab and infliximab, and became the highest, especially between 3 and 5 years of treatment. No significant differences were found between the 2 monoclonal antibodies after 3 years of treatment. Despite a shorter followup period, a similar trend was reported by Neovius et al (10) , who showed adalimumab to have a greater HR for discontinuation versus etanercept only during the first year, and no difference versus infliximab during the first year.
In our cohort, etanercept showed both a better clinical efficacy and a more favorable safety profile compared with monoclonal antibodies in the first 3 years of therapy, resulting in a greater survival on treatment. Similar data were observed by the Danish Registry for Biologic Therapies in Rheumatology (21) , whereas the results from other national registries such as DREAM (18) , Swiss Clinical Quality Management (23), LORHEN (9) , and Rheumatoid Arthritis Disease-Modifying Anti-Rheumatic Drug Intervention and Utilization Study (25) are controversial. Moreover, we showed that the difference in drug survival between etanercept and the monoclonal antibodies became progressively greater over time. Although etanercept was significantly better tolerated than monoclonal antibodies across the entire followup period, resulting in a lower frequency of withdrawal due to AEs, the crucial factor is the lower number of long-term secondary no response due to etanercept inefficacy. This trend is particularly evident especially after 3 years of treatment, when the cumulative incidence of discontinuation due to inefficacy remained stable over time in etanercepttreated patients (from 15.7% at 3 years to 17.5% at 12 years), but progressively increased in both infliximab-treated (from 24.4% at 3 years to 44.1% at 12 years) and adalimumabtreated (from 33.9% at 3 years to 50.4% at 12 years) groups. The development of infliximab and adalimumab antidrug Long-Term Persistence on Infliximab, Etanercept, and Adalimumab antibodies should be considered as a potential factor leading to secondary loss of clinical response, since it has been suggested that the incidence of etanercept antidrug antibodies is significantly lower and clinically less important (26, 27) . It has been also reported that the proportion of patients developing antidrug antibodies increases at least over 3 years (26), possibly explaining the effect on monoclonal antibodies' long-term efficacy observed in our cohort. Moreover, cotreatment with sDMARDs was also an independent predictor for drug retention in the Hellenic Registry of Biologics (24) and the GISEA registry (11) . sDMARDs (mainly MTX) may be effective as nonbiologic antirheumatic drugs themselves, but they may also potentiate the anti-TNF therapy by effectively inhibiting the formation of antidrug antibodies (28, 29) . In fact, the results of our subanalysis according to concomitant MTX use confirmed that the 12-year retention rate is significantly greater in MTX recipients compared with both etanercept or adalimumab monotherapy. Moreover, a relationship between drug survival and an MTX weekly dose was found only in adalimumab and infliximab treatment groups, confirming the crucial role of combination therapy, especially in patients receiving anti-TNF monoclonal antibodies. In any case, the overall better drug retention of etanercept compared with infliximab and adalimumab may be only partially explained by the higher baseline median MTX dose. The main limitation of the current study is related to its observational and retrospective design. In the absence of randomization, patients with a different discontinuation risk may have been channeled to a specific drug, producing selection bias and potentially affecting our analysis. However, we tried to minimize the observed differences in baseline characteristics among the 3 treatment groups by the application of PS matching, obtaining 3 homogeneous populations before the retention rate analysis. Moreover, our results were similar in the unmatched and matched populations. Since only subcutaneous TNFi may be used as monotherapy, according to what is reported in product labels, concomitant MTX treatment was excluded from the statistical model. Considering the significantly higher proportion of patients receiving concomitant MTX in the infliximab group as recommended in the product label, the combination with MTX has not been included as a variable in the PS statistical model, but survival subanalyses according to the MTX median dose were subsequently performed in the matched population. The results of those additional evaluations may be partially affected by the small subgroup sample size. We also limited our analysis to the period when all 3 TNFi were available in Italy in order to avoid any influence on treatment survival analysis. Residual confounding factors can still remain due to unknown and unmeasured channeling variables associated with the outcome. On the other hand, the most important strength is the very long followup period, which allowed for the first time the evaluation of a 12-year retention rate and the stratification of the treatment duration in 3-year subperiods in order to better analyze the differences in short-and long-term drug survival, as well as the time distribution of reasons for drug discontinuation.
In conclusion, we have presented the first observational data on 12-year retention rate of the first-line TNFi, comparing 3 anti-TNF agents after adjusting for potential confound-ing factors. Compared with both monoclonal antibodies, etanercept showed a better short-and long-term drug survival because of a most favorable safety profile and especially a lower incidence of long-term secondary no responses. The combination therapy with MTX increased the survival on treatment of both etanercept and adalimumab, with a significant dose relationship only for monoclonal antibodies. Our findings may suggest the preferential use of etanercept as first-line TNFi, mainly in patients intolerant to MTX. Future additional analyses in a larger population should be advocated in order to confirm our results.
